INTRODUCTION {#sec1-1}
============

Dental caries is a common infectious chronic disease that negatively affects the quality of life, causing pain, chronic infections, and sleep disturbance. Despite significant advances in oral health, dental caries is still a major public health issue worldwide, being the most prevalent chronic condition among schoolchildren, and highly elevated even in developed countries.\[[@ref1]\] Dental caries prevalence is influenced by many factors, such as age, gender, ethnic group, dietary habits, and oral hygiene habits.\[[@ref1]\]

Although dental caries prevalence in children has declined markedly over the past few decades in the industrial countries, the disease is still a major problem for both adults and children in less developed countries.\[[@ref1]\] The declining trend in caries prevalence in developed countries has been attributed to the use of fluoride in different forms, diet control, and other preventive measures. On the other hand, an increase in dental caries in developing countries has resulted from unhealthy dietary habits, combined with the limited use of fluoride and poor access to oral health services.\[[@ref1]\]

The negative relationship between the fluoride concentration of drinking water and dental caries has been established in the literature, and fluoridation of drinking water for caries prevention is recommended by health authorities.\[[@ref2][@ref3]\] The main action of fluorides in reducing dental caries is through the ionic exchange between the enamel surface and the fluoride. This reaction will change the surface calcium hydroxyapatite of enamel to calcium fluoroapatite, which is more resistant to dissolution in acids.\[[@ref4]\]

As with other developing countries, dental caries is still a major health problem in Yemen, and its prevalence is still on the rise.\[[@ref1][@ref5]\] The change in lifestyle of Yemenis combined with poor oral hygiene and the lack of government health services and preventive policies are the main contributing factors to this trend.\[[@ref1]\] Data on dental caries are still scarce in Yemen, with only a very few studies have evaluated the incidence of dental caries among schoolchildren, and most of these studies were limited to schoolchildren in urban areas; none have evaluated dental caries among schoolchildren in rural areas.\[[@ref5][@ref6]\] Moreover, there has been no data as yet relating dental caries to various fluoride levels in Yemen. The availability of such data is of paramount importance in planning dental health programs and public health services, the evaluation of interventions, and following up on disease trends. Therefore, the purposes of this study were to assess the prevalence of dental caries among Yemeni schoolchildren attending public schools in different regions of Sana\'a governorate and to relate the outcomes to fluoride levels in drinking water, age, gender, and residence.

MATERIALS AND METHODS {#sec1-2}
=====================

Yemen is the second-largest country on the Arabian Peninsula, having a total area of 527,970 km^2^ and a total population of 24 million, with 50% of the population being under 15 years. Sana\'a governorate, the Yemeni capital, is located in the central part of the country, with an area of 14,204 km. Sana\'a is divided into two main parts.First, the capital secretariat (Amanet Al-Aasema in Arabic), which is the only urban area in the governorate, is the capital of the governorate, as well as the national capital. The capital secretariat is further divided into six administrative districts of varying socioeconomic standards of living. Second is Sana\'a province, which includes 16 rural directorates. These directorates belong administratively to the capital city, and each is divided into 3--5 districts. Except with one district, all of these directories are rural areas.

This school-based survey was conducted in Sana\'a governorate during the period between December 2011 and June 2012. The study population consisted of 6--12-year-old children attending public primary schools (from Grades 1--6) for boys and girls in rural and urban areas of Sana\'a governorate. The stratified random sampling technique was adopted for this study. As noted above, each directorate consists of 3--6 administrative districts, making a total of 73 districts. In each district, the largest primary school was selected, and thus, a total of 73 schools were included in the study \[[Table 1a](#T1){ref-type="table"}\]. These schools include classes with mixed genders. In each of the selected schools, the first classroom was chosen (usually alphabetically listed as class A). According to availability, around 40--60 students from each grade were randomly selected for the study, thus giving a total number of about 250 students from each school being examined. The final sample comprised 17,599 students (9623 boys and 7976 girls). Urban areas were represented in six areas of Amanet Al-Aasema, in addition to one area in the center of Al-Hema district, making a total of 1596 students, whereas the rural areas were represented by 16 directorates (except one district), making a total of 16,003 students.

###### 

Number of schools/students selected from each region and mean fluoride level in each district
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The study was approved by the Research and Ethical Committee of the Faculty of Medicine and Health Sciences, Sana\'a University, and informed written consent was obtained from parents or guardians before the students were included in the study.

The examination was conducted according to the World Health Organization (WHO) criteria.\[[@ref7]\] The students were examined in their classes while seated on an ordinary chair under natural daylight using sterilized packaged hand instruments. Dental caries was assessed using decay-filled teeth (dft) for primary teeth and the decay-missing-filled teeth (DMFT) index for permanent teeth. All clinical examinations were carried out by four calibrated examiners, each with an assistant recording the observations. Clinical examination was done using sufficient numbers of sterilized instruments, such as mouth mirrors, probes, and tweezers. Before recording dental caries status, the teeth were wiped off using cotton to remove food debris. Before undergoing a dental examination, demographic information, such as age, gender, and residence, was obtained for each student.

Calibration of the examiners was carried out at the Department of Pediatrics Dentistry at Sana\'a University. Examiners were calibrated for diagnosis of dental caries with a reference examiner; this was taken as the "gold standard." Initially, this calibration covered the theory of diagnostic criteria and common diagnostic problems, using images of all different clinical conditions of teeth with and without caries. The second phase started with every examiner examining 20 children twice, with the same children also examined once by the reference examiner. Results were then analyzed, and disagreements were discussed. Nonstandard examiners were asked to examine 10 new children and were again compared with the standard examiners until they reached an agreement, with intraexaminer and interexaminer reliability test of Kappa reached at least 80%.

Assessment of fluoride levels {#sec2-1}
-----------------------------

Every administrative district in the urban areas of Sana\'a (the capital secretariat) is provided by its own separate system of communal water supply network. The water supply is provided from a main reservoir that collects water from several artesian wells. In the rural areas, on the other hand, the source of water is mainly from ground wells. Water samples of 500 mL of tap water were taken after allowing the water to flow for 2 min into polythene bottles previously washed with distilled water, dried in air, and rinsed with water from which the samples were collected. Where there was a communal water supply, samples were obtained from the central water tank and from the terminal school water taps. In small towns and villages in each directorate, the water samples were collected from some of the drinking wells and reservoirs in those areas. In each directorate, at least eight water samples were collected (four from sources and four from terminal water taps at the schools), representing the water drank by the residents of the corresponding districts. This amounted to total water samples of 146. Samples of water were analyzed for fluoride concentration at the central laboratory, Ministry of Water by using an *F* ion selective electrode using the direct calibration method. Direct calibration is a simple procedure for measuring a large number of samples. Only one reading is required for each sample.

Statistical analysis {#sec2-2}
--------------------

Descriptive data were presented as frequencies and percentages, and the outcomes were analyzed using Chi-square test. The quantitative data were presented as means and standard deviations; these outcomes were checked for normal distribution using the Kolmogorov--Smirnov test. As these variables were not normally distributed, data were analyzed using the nonparametric Kruskal--Wallis and Mann--Whitney tests, as appropriate. The value of *P* \< 0.05 was considered as statistically significant.

RESULTS {#sec1-3}
=======

A total of 17,599 schoolchildren participated in the study, of whom 9,623 (54.7%) were boys and 7,976 (45.3%) were girls. The mean age was 8.8 ± 18 years (range: 6--12). Around 25.5% were in the 6--7 years age group, 39.5% in the 8--9 years age group, and 34.8% in the 10--12 years age group. Most of the children (90.9%) resided in rural areas \[[Table 1b](#T2){ref-type="table"}\].

###### 

Distribution of the study sample by age, gender and residence

![](EJD-12-15-g002)

The overall prevalence of dental caries was 67.6%. Children residing in urban areas showed the significantly higher prevalence of dental caries (85.2%) compared to children residing in rural areas (65.9%; *P* \< 0.001) \[[Table 2](#T3){ref-type="table"}\].

###### 

Prevalence of caries by age, gender and residence
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[Table 3](#T4){ref-type="table"} shows caries experience indices in primary dft and permanent dentitions dft DMFT according to gender, and residence. Children in urban areas had significantly higher DMFT and dft scores (1.25 and 3.14, respectively) than children in rural areas (0.83 and 2.12, respectively). On the other hand, there were no significant differences in the mean DMFT/dft scores between boys and girls (*P* \> 0.05). Decayed teeth (d/D) were the major components of both dft and DMFT indices for all age groups \[[Table 3](#T4){ref-type="table"}\].

###### 

Decayed-filled tooth, decayed, missing, and filled teeth and their components according to gender and residence (mean±standard deviation)
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The concentration of *F* in the village water was found to vary widely from 0.131 ppm to 13.1 ppm. The lowest mean of fluoride was observed in Hamdan directorate (0.45 ppm), whereas the highest was in Sanhan and Banibahlol directorate (5.02 ppm); \[[Table 1a](#T1){ref-type="table"}\].

There was a significant negative correlation between caries experience and fluoride level (*P* \< 0.05), with the lowest dft/DMFT scores at the optimum fluoride level of 0.61--2 ppm and the highest at two extremes, 0.0--0.4 ppm and \>2 ppm \[[Table 4](#T5){ref-type="table"}\].

###### 

Association between water fluoride levels and caries experience
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DISCUSSION {#sec1-4}
==========

To the best of our knowledge, this is the first large-scale study to explore these issues among schoolchildren in Yemen. The obtained data will help in the planning of future preventive and restorative dental services nationwide.

The prevalence of dental caries in the present study was 67.6%. This high rate is similar to recent studies in neighboring and other developing countries.\[[@ref8][@ref9][@ref10][@ref11][@ref12][@ref13][@ref14]\] However, this rate contrasts hugely with trends in many industrialized countries.\[[@ref15]\] Moreover, the prevalence of caries among 6--7-year-old children in the present study (68.9%) is much higher than the goals recommended by the WHO and the Federation of Dentistry International of \<50% caries-free children.\[[@ref16]\] Such findings emphasize the urgent need for effective restorative and preventive anti-caries measures at the national level in Yemen.

A striking finding from this study was that the decayed teeth (dt, DT) constituted the major fraction of dft/DMFT scores, with a very low-filled component \[[Table 3](#T4){ref-type="table"}\], revealing a high rate of unmet treatment needs. This finding supports previous studies conducted in urban areas of Sana\'a.\[[@ref5][@ref6]\] As in other studies in Yemen, only a few extractions and a limited number of restorations were observed. These findings also support previous findings from many neighboring Arab countries, which reported that over 90% of dental caries in schoolchildren are untreated.\[[@ref9][@ref12][@ref13][@ref17]\] This highly reflects the minimal amount of dental treatment received by the children, which can be attributable to poor oral health knowledge and/or attitude, cost of treatment, low priority given to dental care in society, and reduced access to public health facilities. It is worth noting that, in Yemen, like most developing countries, there is no health insurance system, and the provision of oral health services in the country is primarily private and so expensive that most families of lower and even middle socioeconomic status cannot afford them. Thus, dental treatment becomes a burden for most of the population in a country where 45% of the population is under the poverty line.

The present study showed significantly higher caries prevalence among children residing in urban areas (85.2%) than in rural areas (65.9%). The mean dft and DMFT were also significantly lower among children in rural areas, a finding consistent with many previous studies reported elsewhere.\[[@ref18][@ref19]\] Such findings are attributed to higher consumption of high sugar-containing food and beverages and more snacks consumption between meals in the urban areas.\[[@ref19]\] Another finding to be highlighted is that children in rural areas had significantly fewer extracted and filled teeth compared to those in the urban areas. Other studies also reported very minimal restoration care in rural schoolchildren.\[[@ref18][@ref19]\] This finding can be explained by the low number or even absolute absence of dental clinics in rural areas, poverty, limited financial and human resources, and costs of transport to major cities, combined with a lack of oral health awareness.\[[@ref5][@ref20][@ref21]\]

The present study showed a wide variation of fluoride levels in drinking water, ranging from 0.131 to 13.1 ppm. The lowest mean of fluoride was observed in Hamdan directorate (0.45 ppm), whereas the highest was observed in Sanhan and Banibahlol directorate (5.02 ppm). This great variation in fluoride concentration can be explained by the difference in the source of drinking water in different areas, which depends on the nature of the geographical structures and on the rocks that contain high-fluoride compounds.\[[@ref22]\] The inverse relationship between fluoride level and caries experience found in the present study is well established in the literature.\[[@ref11][@ref23][@ref24]\] The present study found that the mean value of dft and DMFT decreased gradually with the increase in water fluoride level from 0 to 2 ppm, and then, they increased gradually with increasing water fluoride level (\>2 ppm). This finding can be discussed on the basis that the increase of water fluoride levels near the standard recommended level of 0.5--1.5 ppm produces a desirable effect by decreasing dental caries experience with minimum risk of dental fluorosis.\[[@ref1]\] On the other hand, high fluoride levels above 2 ppm, as seen in many areas of our study, are usually associated with moderate-to-severe forms of fluorosis, which leads to structural changes of dental tissues that become hypoplastic and thus more susceptible to caries.\[[@ref1]\] This finding is in line with previous studies that reported the least caries experience in children residing in areas with optimum fluoride levels.\[[@ref11][@ref17][@ref22]\] All in all, the balance between the achievement of maximum protection against dental caries and the risk of development of fluorosis should be taken into consideration.\[[@ref25]\]

One of the strengths of the present study lies in its large sample size. Nevertheless, this study has some limitations that should be taken into consideration. The main limitation is that this survey did not investigate other risk factors reportedly associated with caries, such as sugar intake, oral hygiene practices, dental visits, parents\' level of education, and socioeconomic status. Furthermore, no information was obtained regarding children\'s exposure to fluoride from other sources, which could have an influence on dental caries experience observed in this investigation. Such information would have shed some light on the potential risk factors of caries among this population, and hence, future studies to investigate in depth the effects of various variables on caries experience among Yemeni schoolchildren are highly recommended. In addition, despite this huge sample size and the fact that study was carried out in the most populous and multicultural city of Sana\'a, which included both rural and urban areas, the generalizability of the results to all Yemeni schoolchildren is questionable. Therefore, more future studies that would cover different regions of the country are required.

CONCLUSION {#sec1-5}
==========

Findings revealed that schoolchildren in Yemen have a high prevalence of dental caries and a large amount of untreated carious teeth. Furthermore, similar to previous reports, we found an inverse relationship between caries experience and drinking water fluoride level. Given the high prevalence of dental caries and extensive unmet treatment need, more studies that investigate in depth the associated risk factors are highly warranted.
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